Neuroimaging in the early differential diagnosis of dementia has gained considerable interest over the last decade. From being used for exclusive purposes only, neuroimaging is now in the forefront of aiding in the diagnosis of Alzheimer's disease (AD), frontotemporal dementia, vascular dementia, and and dementia with Lewy bodies (DLB). With the exception of dopamine transporter single photon-emission computed tomography imaging in DLB, imaging has not yet been incorporated into the diagnostic criteria for the various dementia syndromes, but that will soon change. The recently formulated research criteria for early AD recently formulated by Dubois et al explicitly mention magnetic resonance imaging and positron emission tomography for AD, and are an example of a new diagnostic process developing. In this review, the various imaging techniques will be highlighted, with an emphasis on their ability to diagnose Alzheimer's disease and separate it from other entities.
criteria published in 1984 1 are the most widely validated and used. The criteria discern three categories of certainty: definite AD (established by postmortem or biopsy), probable AD (Table I) , and possible AD (when there are other explanations for the cognitive syndrome that are as likely). The average survival in AD is typically about 8 to 13 years from the onset of symptoms. Since the publication of the NINCDS-ADRDA criteria in 1984, the elucidation of the biological basis of AD has advanced inexorably, allowing a better understanding of the disease process. The clinical phenotype of AD is no longer described in exclusive terms, but can be characterized more definitively on a phenotypic basis. Distinctive markers of the disease are now recognized, including structural brain changes on magnetic resonance imaging (MRI) with early and extensive involvement of the medial temporal lobe, molecular neuroimaging changes on positron emission tomography (PET) with hypometabolism or hypoperfusion in temporoparietal areas, and changes in cerebrospinal fluid (CSF) biomarkers. A driving force behind this emerging identity of AD has been the intense research interest in characterizing the earliest stages of AD that predate the crossing of the dementia threshold, defined by functional disability. From this, a need was felt to identify prodromal AD that must be distinguished within the broad and heterogeneous state of cognitive functioning that falls outside normal aging described by a wide range of nosological terms, including Age-Associated Memory Impairment, Age-Related Cognitive Decline, Age-Associated Cognitive Decline, Mild Cognitive Disorder, Mild Neurocognitive Disorder, Cognitively Impaired Not Demented, and Mild Cognitive Impairment (MCI). This latter designation of MCI has been the most widely used diagnostic label referring to individuals who have subjective memory and/or cognitive symptoms, objective memory and/or cognitive impairment, and whose activities of daily living are considered to be generally normal. Progression to clinically diagnosable dementia occurs at a higher rate from MCI than from normal, but is clearly not the invariable clinical outcome at follow-up. A more refined definition of AD is then required, to reliably identify individuals with the disease at its earliest stages. A large group of European and US investigators has formulated new criteria for this earliest stage of AD, starting from the presentation with a memory complaint in typical AD and adding biomarker information from MRI, PET, or CSF or genetic confirmation. 2 The proposed criteria are detailed elsewhere in this issue (p 135). Besides the typical neuropsychological profile of AD presenting with early memory deficits as mentioned above, there is evidence from clinico-neuropathological studies that AD patients may present with different C l i n i c a l r e s e a r c h In the clock-drawing test, the patient is asked to draw a clock and set the time for 10 past 11. neuropsychological profiles. These atypical variants of AD suggest that the distribution of neuropathological changes rather than the nature of the disease are reflected in the clinical syndrome, and that in clinical practice, the diagnosis of AD should be considered as a diagnosis in a broad range of focal cognitive syndromes. Of note, these atypical presentations are not captured in the new research criteria, 2 which is acknowledged in the article, but could mean that a substantial number of patients will not be included in research projects. In Table  II some of the most striking atypical presentations are mentioned.
Differential diagnosis
Even when a patient fulfils clinical criteria as mentioned in the previous paragraph, there is still a chance that the patient has in fact a different underlying pathological substrate. Some clinical features may hint at a different neuropathological substrate and render the clinical diagnosis of AD less likely. In Table III these 
Neuroimaging

Computed tomography and and magnetic resonance imaging
The microscopic histological changes in the neurodegenerative diseases are inevitably associated with progressive regional and global brain atrophy, which may be assessed in vivo using MRI. In AD, focal atrophy in the medial temporal lobe region, including the hippocampus, has been the focus of extensive study. It reflects the typical pattern of progression of neuropathology, spreading from the entorhinal cortex and hippocampus to the association cortices, as described by Braak and Braak. 4 Neuropathological studies have shown that hippocampal volumes, as measured using MRI, correlate well with the neuropathological burden at postmortem. Many studies initially using computed tomography (CT) and later MRI and more recently again using multislice CT have assessed the diagnostic value of hippocampal atrophy for AD. In a meta-analysis of studies using visual and linear measurements of medial temporal lobe atrophy (MTA) on MRI, the overall sensitivity and specificity for detection of AD compared with controls was estimated to be 85% and 88%, respectively. 5 In clinical practice simple visual rating scales estimating hippocampal atrophy have proven to be useful. Many authors have designed these scales, and as long as volumetry lacks standardization and operationalization between laboratories and clinics, these scales will be around for some time. A striking example of medial temporal lobe atrophy is shown in Figure 2 . In clinical practice evaluation of the pattern of atrophy of the entire brain should be taken into account, rather than an isolated evaluation of the medial temporal lobe. Usually, AD is characterized by global atrophy with prominent atrophy of the medial temporal lobe. However, atypical forms of AD have been described with prominent posterior atrophy, especially prevalent among younger AD patients (Figure 3) . This entity has also been designated as posterior cortical atrophy, but many stud-C l i n i c a l r e s e a r c h 194 ies have shown that AD pathology is most often present. This absence of hippocampal atrophy is one of the conspicuous findings in AD one can encounter. Other findings and their associated proposed alternative diagnoses are listed in Table IV .
Imaging in AD -
Serial MR imaging
Besides the existence of regional atrophy, the most important structural imaging feature of AD is progression of atrophy. A yearly decline in hippocampal volume approximately 2.5 times greater in patients with AD than in normal aged subjects is reported, and a relationship exists between memory loss and hippocampal damage across the spectrum from normal aging to dementia. Neuroanatomical changes over time may be too mild, diffuse, or topographically complex to be detected by simple visual inspection, or even with manually traced measurements of regions of interest. New serial volumetric imaging techniques developed in the last few years represent an added value to identify subtle structural brain changes, which have brought extensive neocortical changes to the fore, extending well beyond the medial temporal lobe.
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Vascular changes
Besides atrophy, cerebrovascular pathology has been associated with AD, especially in the late onset form. As such, overlap with vascular dementia (VaD) may occur and patients may actually fulfil criteria for both AD and VaD. Unfortunately, no operational criteria for so-called mixed dementia exist, so it is left to the judgement of the clinician, which label fits best with the clinical picture of the patient. Further, use of PET or CSF may help to tease out the relevant pathologies.
In AD most often signs of small-vessel disease are present on MRI in the form of white matter hyperintensities (WMH), lacunar infarcts (lacunes) (Figures 4,5) and microbleeds ( Figure 6 ). Microbleeds have been associated with amyloid angiopathy, but their clinical relevance is still uncertain.
Functional (molecular) imaging
Positron emission tomography
Brain metabolism can be studied using PET. Changes in brain metabolism may precede structural brain changes. Glucose metabolism can be visualized using the metabolic tracer [18F]fluorodeoxyglucose (FDG). In AD, temporal, parietal and most notably posterior cingular hypometabolism is found, discriminating AD patients from controls with good discriminatory power (sensitivity and specificity in the range of 85% to 90%, Figure 7) . In current clinical guidelines routine PET is not advised, since the added value over clinical diagnosis and structural imaging has not been demonstrated extensively.
Detecting amyloid in vivo using PET
An exciting novel application of PET is the in-vivo imaging of amyloid. The amyloid β protein is considered essential to the pathogenesis of AD, as it is the main constituent of neuritic plaques -one of the neuropathological hallmarks of AD. Figure 8) . Indeed, the first proof of concept studies of 11 C-PIB and 18 F-FFDNP indicated that AD patients showed increased retention of these tracers compared with controls in areas known to contain large amounts of amyloid deposits. 7, 9 However, the specific binding component of 11 C-PIB is almost ninefold higher than that of 18 F-FFDNP and the latter has substantial overlap with binding in controls. As such, identification of pathological amyloid load on an individual basis is possible with 11 C-PIB but will prove to be difficult with 18 F-FFDNP, limiting its clinical applicability. 10 Although the specific binding of 11 C-PIB has an excellent effect size in AD patients, the clinical use of 11 C-PIB is hampered by the short half-life of the radionuclide 11 C. As an alternative, 18 F-PIB is currently undergoing clini- C-PIB (20 minutes) enables studies at PET centers without an onsite cyclotron, greatly increasing its clinical value. In addition, new 18 F-labeled ligands for amyloid imaging have been published, such as 18 F-BAY94-9172 11 , which also have a good effect size and may become available for clinical use within the coming years. In vivo amyloid imaging may considerably add to our understanding of the underlying pathophysiological mechanisms of AD. Furthermore, imaging of amyloid may prove to be a sensitive diagnostic marker, and enable prognoses in the earliest stages of formation of neuropathology. 12, 13 It should be noted, however, that amyloid deposition is not exclusively confined to AD, and also occurs in dementia with Lewy bodies (DLB) and congophylic amyloid angiopathy (CAA).
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Single photon emission tomography
Using single-photon emission computed tomography (SPECT) one is able to get an impression of the regional cerebral blood flow. The most widely used tracer is 99 TcHMPAO. In typical AD cases a pattern resembling the one seen on PET is seen: bilateral temporoparietal hypoperfusion. The application of SPECT in clinical routine has been hampered by false-positive findings and insufficient added value over MRI. More promising and partly included in the routine clinical setting are neuroreceptor studies using 123 ioflupane(IFP)-CIT (DAT-scan) which allows visualization of the degeneration of the nigrostriatal dopaminergic neurons. Scintigraphically it allows the distinction between patients with essential tremor and patients with Parkinson's disease or PSP and MSA. In dementia the distinction between AD and DLB may be relevant, especially when there are no extrapyramidal features. For this, the use of DAT is extremely helpful, showing abnormal findings in DLB and normal findings in AD, 15, 16 
Conclusion
Neuroimaging is no longer optional in diagnosing the underlying disease in dementia. Structural and functional imaging techniques have evolved over time in terms of resolution, availability, and costs. Imaging should always be used in conjunction with the clinical findings and never on its own. Some images are, however, diagnostically so evident that they often "make the case," for instance in SD and CBD. By far, the evidence for hippocampal atrophy in AD exceeds that of the other imaging modalities, probably closely followed by DAT scanning for Parkinonistic disorders like DLB. Clinical imaging findings are shown in Table V . The developments in molecular imaging are moving at such a high speed that amyloid imaging will not take long before entering the clinical arena. C-PIB, but maybe even earlier a fluoride version of PIB or 18 F-BAY94-9172, are the most likely candidates for this. Using all these techniques, we are slowly entering the phase in which it will be possible to diagnose AD before dementia occurs. ❏ C l i n i c a l r e s e a r c h 
